Objectives. To determine the maximum tolerated dose (MTD) of weekly paclitaxel and cisplatin chemotherapy concurrent with extended field irradiation in women with cervical cancer metastatic to the para-aortic nodes.
Introduction
Approximately 11,150 cases of invasive cervical cancer were expected to be diagnosed in the United States in 2007, resulting in approximately 3670 deaths [1] . Historically, treatment of invasive cervical carcinoma has been limited to either surgery or radiotherapy [2] . In early stage disease (FIGO stage IIA or lower) these modalities have demonstrated comparable efficacy, however with differing toxicity profiles. In locally advanced stage disease, the role of surgery is limited and the primary mode of treatment, since the publication of five randomized clinical trials [3] [4] [5] [6] [7] and the 1999 National Cancer Institute Clinical Announcement [8] , has been concurrent cisplatin-based chemoradiation, including a combination of external beam radiotherapy and intracavitary brachytherapy [2] .
Although the above referenced studies have covered many of the possible clinical stages of cervical cancer, there remains a subset of patients with tumors metastatic to the para-aortic lymph nodes, not traditionally included in the above studies, due to their poor prognosis and requirement for extended field radiotherapy with its associated morbidities. Berman et al., reported the results of the GOG experience involving 621 cervical cancer patients and noted 5% of Stage IB, 17% of Stage IIB patients, and 25% of Stage IIIB patients had biopsy confirmed para-aortic lymph node metastases [9] . Survival rates for this patient population are routinely reported as poor, with the above study reporting a median survival of 15.2 months and a probability of survival of 25% at 3 years. The current understanding that concurrent chemo-radiation can reduce both local and distant failures, makes further study of this population with our best chemotherapy agents worth pursuing.
The efficacy of paclitaxel as a chemotherapeutic agent in the treatment of gynecologic malignancies has been well documented, especially for adenocarcinomas of ovarian origin. Phase II data of paclitaxel's efficacy in the treatment of recurrent squamous cell carcinomas of the cervix has been encouraging [11] . The combination of paclitaxel and cisplatin has been evaluated in patients with recurrent and advanced cervical cancer. Moore, et al. reported on a randomized phase III trial of paclitaxel and cisplatin versus cisplatin alone in which combination chemotherapy yielded an overall response rate of 36.2% and a median progression free survival (PFS) of 4.8 months versus 19.4% and 2.8 months, respectively, for cisplatin alone [12] .
At the time the current study was initiated, paclitaxel had been combined with radiation primarily in the treatment of nonsmall cell carcinoma of the lung. The paclitaxel dosing regimens ranged from 10 mg/m 2 weekly to 90 mg/m 2 with minimal toxicity [13, 14] . There had been one previous trial looking at the combination of paclitaxel and cisplatin with radiation therapy in cervical cancer. Chen, et al. reported on a phase I study of escalating doses of paclitaxel as a radiation sensitizer in combination with cisplatin [15] . The results demonstrated a well-tolerated dose range starting at 10 mg/m 2 weekly and advancing to 50 mg/m 2 weekly in combination with cisplatin 50 mg/m 2 every three weeks. A 93% response rate was seen in this study of previously untreated patients. The radiation therapy included both primary as well as adjuvant treatment for patients at high risk for recurrence after radical hysterectomy and lymphadenectomy.
Based on the reported activity of paclitaxel and cisplatin in advanced, recurrent cervical cancer and prior data supporting the use of these agents as radiation sensitizers in both cervical and lung cancer, this study (GOG 9804) was initiated to establish a maximally tolerated dose (MTD) for this combination regimen given concurrently with extended field pelvic and para-aortic irradiation and intracavitary brachytherapy to treat cervical cancer metastatic to the para-aortic lymph nodes without evidence of distant metastasis. Based on the dosing of cisplatin by Rose et al. and in the study by Keys et al., a dose of cisplatin of 40 mg/m 2 (with a maximum weekly dose of 70 mg) was utilized in this study with a planned dose escalation of weekly paclitaxel [5, 7] . The goal was to maintain the current standard dose of cisplatin at 40 mg/m 2 weekly and add paclitaxel at the maximum tolerated dose.
Materials and methods
The study was initiated after review and approval by the Cancer Therapy Evaluation Program of the National Cancer Institute. Participating institutions' Institutional Review Boards approved the study prior to enrolling any patient, and all patients provided written informed consent meeting all federal, state and local requirements before receiving any protocol therapy.
Patients with clinical stages IB, II, IIIB and IVA invasive carcinoma of the cervix with histologically positive para-aortic nodes were eligible. Acceptable modes of evaluation for paraaortic adenopathy included fine needle aspiration and extraperitoneal or laparoscopic lymph node sampling. Lymphadenectomy was not required. Additional eligibility criteria included an absolute neutrophil count (ANC) of ≥ 1500/μl, platelets ≥ 100,000/μl, creatinine b 2 mg%, bilirubin ≤ 1.5 times the upper limit of normal, SGOT (serum glutamic oxaloacetic transaminase) ≤3 times the upper limit of normal, and a GOG performance status of 0-2. Entry onto the study was required to be within eight weeks of diagnosis. Patients with obstructive uropathy must have been treated with ureteral stenting or percutaneous nephrostomy. CT (computed tomography) scan of the chest, abdomen and pelvis were required to exclude patients with metastatic cancer outside of the radiation treatment field. Patients were excluded who had received previous pelvic or abdominal radiation or cytotoxic chemotherapy, or who had evidence of any cancer within the preceding three years.
The objective of the study's first phase was to identify the maximum-tolerated dose (MTD) of concurrent weekly paclitaxel and cisplatin chemotherapy administered with radiation. Three patients were to be enrolled at each dose level and observed for 30 days following completion of therapy. If one patient out of three experienced a dose limiting toxicity (DLT), an additional three patients were to be enrolled at that dose level. DLT was defined as the occurrence of a grade 4 toxicity within 30 days of treatment, or the occurrence of a toxicity that caused a dose delay/modification/reduction in any of the six planned cycles. The MTD was to be defined as the dose level at which ≤ 1 patient (among 6) experienced a DLT. Late toxicity is still being collected at the time of this publication.
Paclitaxel was administered as a 1 h continuous intravenous (IV) infusion prior to cisplatin administration on a weekly basis for five cycles, with the sixth cycle given concurrent with parametrial boost. The initial paclitaxel dose level was 30 mg/ m 2 for the first three patients, with a planned 10 mg/m 2 incremental increase in subsequent cohorts of three patients, until the appearance of DLT or the dose reached 70 mg/m 2 . Subsequent dose levels were initiated only if a 30-day posttreatment observation period of all three patients had passed. Cisplatin was initially dosed at 40 mg/m 2 and infused at 1 mg/ min, to a maximum dose of 70 mg per week, with appropriate pre-and post-treatment hydration. Infusions were to be completed approximately 4 h prior to radiation therapy on Mondays. Pretreatment steroids, histamine blocking agents and antiemetics were recommended as appropriate. The specific dosing levels are found in Table 1 . Dose level IV was modified in an attempt to decrease gastrointestinal toxicity by reducing cisplatin to 30 mg/m 2 while allowing for the escalation of paclitaxel to 50 mg/m 2 ( Table 1 ). The purpose of the trial's second phase was to evaluate the feasibility and tolerability of the MTD in a larger cohort of approximately 20 patients prior to moving this regimen forward to a phase III clinical trial.
External beam radiation therapy was administered to the para-aortic nodes and pelvis utilizing 6-20 MV photons. The para-aortic and pelvic regions received 1.5 Gy per fraction using anterior and posterior parallel opposed fields and the pelvic region was supplemented by lateral pelvic ports to bring the tumor dose to 1.8 Gy per fraction. Alternatively, the pelvis and para-aortic regions together could be treated with a 4-field technique. The para-aortic region received 45 Gy in 30 fractions, while the pelvic region received 45 Gy in 25 fractions. A separate para-aortic field was required after the 25 days of pelvic radiation were completed to reach the required total dose. A parametrial boost of 5.4 to 9.0 Gy in 1.8 Gy fractions utilizing AP/PA fields was given based on the extent of parametrial involvement at the discretion of the treating radiation oncologist. The superior border for the para-aortic fields was the L1-L2 interspace, but could be extended superiorly by two vertebral heights if necessary to encompass known disease. The inferior border was at mid-obturator foramen or at least 2 cm beyond the lower extent of disease. The lateral border for the para-aortic region covered known para-aortic disease with a 2 cm margin at least to the tips of the transverse processes of the lumbar vertebrae. The pelvis lateral border was one centimeter beyond the widest plane of the bony pelvic wall. The lateral pelvic field borders were the L4-5 interspace superiorly, anterior to the symphysis pubis, and at the posterior border of the sacrum.
Patients were also to undergo intracavitary brachytherapy utilizing either low dose rate (LDR) or high dose rate (HDR) techniques. LDR brachytherapy was prescribed to deliver 40 Gy to point A in one or two implants, resulting in a cumulative dose of 85 Gy to point A. HDR brachytherapy was prescribed to deliver 30 Gy in five weekly fractions beginning in week 4, resulting in a total dose to point A of 75 Gy. The total elapsed treatment time including external beam radiotherapy and brachytherapy was not to exceed eight weeks.
During treatment, patients were evaluated weekly including clinical assessment of toxicity, with complete blood counts and pertinent serum chemistries. Radiation therapy was interrupted for ANC ≤500/μl lasting N7 days, platelets ≤20,000/μl or GI toxicity requiring intravenous hydration or hospitalization. Chemotherapy administration required an ANC N 500/μl and platelets N 50,000/μl. Toxicities were graded according to the NCI Common Toxicity Criteria version 2.0. Upon completion of protocol treatment, patients were to be assessed for disease status and treatment-related toxicity every three months for two years, then every six months for a total of five years.
Results
Eligible patients were enrolled onto GOG 9804 from March, 2000 through September, 2005. A total of 29 patients were enrolled, three on dose level I, 20 on dose level II, 3 on dose level III, and 3 on dose level IV. Distribution of patients by stage was: IB (n = 6), II (n = 7), IIIB (n = 12) and IVA (n = 4).
Three patients were entered on each of the first 4 dose levels. At dose level I, one patient completed without delays or significant toxicities. Another patient had grade 4 metabolic toxicities at cycles 4 and 5 (hypomagnesemia and hypokalemia). The last patient had a delay at cycle 4 for a grade 3 infection due to a urinary tract infection. All three patients completed the prescribed six cycles of chemotherapy. The median length of radiation therapy in this group was 48 days. Based on this demonstrated tolerance, dose level II was opened for accrual and no dose limiting toxicities encountered. The three patients treated at dose level II in the phase I component are included in the summary of the expanded phase II cohort.
Three patients were enrolled at dose level III. One completed six cycles of chemotherapy without delays or significant toxicities. One experienced grade 3 GI toxicity at cycle 3 but completed six cycles of chemotherapy, and the other experienced grade 4 GI toxicity at cycle 4, and her paclitaxel was stopped for cycles 5 and 6. The median length of radiation therapy for this cohort of patients was 57 days.
Based on the relative intolerability of dose level III, dose level IV was modified to decrease the cisplatin dose to 30 mg/ m 2 in order to maintain paclitaxel at 50 mg/m 2 . Three patients were enrolled at dose level IV. One completed without delays or significant toxicities. One experienced a grade 4 cardiovascular toxicity in the form of a pulmonary embolus at cycle 6. The other experienced grade 3 hematologic toxicity, and a seizure with paclitaxel on cycle 1 and was taken off study. The median length of radiation therapy for this cohort of patients was 56.5 days. The decision was to accept level II as the maximum tolerated dose which maintains the cisplatin dose at the current standard of 40 mg/m 2 , and adds paclitaxel at 40 mg/m 2 . Based on the planned dose escalation schema and the toxicities observed at dose levels III and IV, the MTD was identified as dose level II. Twenty patients were enrolled in the phase II component of the study at the selected MTD. Including 3  II  40  70  40  80  3  III  40  70  50  100  3  IV  30  60  50  100  3 the patients treated at the MTD in the phase I component, 19 of the 20 patients were evaluable for toxicity, response, recurrence, and survival. One patient was not evaluable secondary to complications of her ureteral stents interfering with study compliance. Ninety percent of patients on dose level II completed all six cycles of chemotherapy. One patient was not evaluable secondary to being removed from the study after 3 cycles of chemotherapy secondary to complications related to ureteral stents.
The predominant reported acute toxicities were hematologic and gastrointestinal in nature. The frequency and grade of the most common toxicities for the patients treated in the expanded phase II cohort are summarized in Table 2 . Grade 3 or 4 GI toxicity occurred in 10.4% of administered cycles in the expanded (dose level II) cohort; these toxicities manifested mainly as dehydration requiring IV fluid secondary to nausea, vomiting, or diarrhea. Among the evaluable patients treated at the MTD, six had grade 3 or 4 gastrointestinal (GI) toxicities (representing 12 of 115 cycles administered to this cohort) and 7 experienced grade 3 or 4 neutropenia (11 out of 112 cycles administered), none occurring prior to the third cycle. Grade 3 or 4 thrombocytopenia was rare (2 of 115 cycles administered).
Dose delays and reductions tended to occur in the later chemotherapy cycles. Fig. 1 demonstrates this finding for the expanded (dose level II) cohort. Nine patients experienced a total of ten chemotherapy treatment delays ranging from 1 to 21 days. Three patients required dose reductions, two of which were for gastrointestinal toxicity. The median length of radiation therapy was 56 days (range 42 to 76 days) in those patients completing the prescribed therapy. Radiation therapy was successfully completed in 36.8% of patients at eight weeks and in 68.4% of patients at nine weeks, with a median time to completion was 56 days (Fig. 2) .
There are a total of twenty-seven patients evaluable for survival, of which fifteen are alive (56%), two of which are alive with disease, and the follow-up ranges from 25 to 68 months (mean of 48, median of 46 months). Those who have died of disease had a survival ranging from 6 to 57 months with a mean of 25 months and median of 24 months. Kaplan-Meier estimates of 36 month survival for all twenty-seven evaluable patients is 66% and 48 month survival is 54%, and estimated 5 year survival is 45% (Fig. 3) . Sites of recurrent disease include scalene nodes (4), lung (3), peritoneal (2), para-aortic nodes (1), and uncertain (3). Table 3 outlines the method used for detecting the positive para-aortic lymph nodes and the survival information. Fine needle aspiration only, was used in four cases and 75% died of disease. The remainder had retroperitoneal lymph node dissection with various levels of effort and number of positive nodes detected. The associated survival is reported for number of positive nodes. Table 4 demonstrates the lack of effect of clinical stage for women with positive para-aortic lymph nodes. Chronic toxicity is common, and the patients with hydronephrosis, ureteral stents or nephrostomy tubes required continued maintenance of those conditions, which pre-dated their treatment. Major surgical interventions included two urinary diversions for vesico-vaginal fistula within three months of completing treatment due to Stage IVA disease with gross tumor in the bladder prior to initiation of therapy. One patient had a colostomy and ileo-conduit performed for a complicated enterovesical fistula after two years of follow-up. One patient had a colostomy performed for a rectosigmoid stricture in year four of follow-up. The last case, which was on level IV, underwent an ileal resection and anastamosis for stricture after 16 months of follow-up.
Discussion
In an effort to improve upon radiotherapy alone for treatment of advanced stage cervical carcinoma, the concept of radiation with concurrent chemotherapy (chemoradiation) has been evaluated by several cooperative groups, including the Gynecologic Oncology Group (GOG), National Cancer Institute of Canada (NCIC) Southwest Oncology Group (SWOG) and the Radiation Therapy Oncology Group (RTOG). Based on reports of a 30-50% reduction in mortality from the results of five randomized phase III trials [3] [4] [5] [6] [7] , the National Cancer Institute released a clinical alert in February of 1999 recommending that "…strong consideration should be given to the incorporation of concurrent cisplatin-based chemotherapy with radiation therapy in women who require radiation therapy for treatment of cervical cancer" [8] . Along with survival benefit, excellent local control rates of approximately 80% in locally advanced disease have been demonstrated with cisplatin and radiation [4, 5] . These studies by Morris et al. and Rose et al. did not include patients with positive para-aortic lymph nodes and did not utilize the current best systemic therapy available. The current study documents efficacy of the combination of weekly cisplatin and paclitaxel, concurrently administered with extended field radiation to women with histologically positive para-aortic metastasis. The dose and schedule is the maximum tolerated dose based on acute toxicity. Radiation dosing has been constant and similar to the dosing prior to the addition of chemotherapy. Radiation dose reductions may prevent chronic toxicity and needs to be considered in the era of chemoradiation for cervical cancer.
Combination chemotherapy with paclitaxel and cisplatin administered concurrently with extended field para-aortic and whole pelvic irradiation can be safely administered at the prescribed MTD of cisplatin 40 mg/m 2 (maximum weekly dose of 70 mg) and paclitaxel 40 mg/m 2 weekly for six cycles. Response data (Table 3 ) demonstrate a complete response rate of 76.5%. The overall survival rate among the 27 evaluable patients is an encouraging 56% of which two are alive with disease at 25 and 46 months. Assuming the death of these two women, this still leaves a survival of 48% with the mean followup of 48 months (range 25 to 68 months; median 46 months). Kaplan-Meier estimate of 5 year survival is 45%, which is superior to the results reported by Varia et al., with concurrent cisplatin and 5-fluorouracil and extended field radiation [10] . The previous GOG positive para-aortic study of 86 evaluable patients had a 3 year progression free survival of 34% and overall 3 year survival of 39%.
There was not a prolongation in the length of the radiation treatment time with the concurrent addition of the weekly paclitaxel and cisplatin regimen administered in this trial relative to the previously reported chemoradiation treatment times. Varia et al. [10] in 1998, treating positive para-aortic lymph node patients, had a prescribed treatment time of 10 weeks (77 days), whereas current pelvic only disease required treatment times of less than 8 weeks (56 days). The median length of treatment of 56 days, for those patients treated at the MTD of the current study, is comparable to the median of 63 days in the study by Rose et al. [5] and the median of 58 days in the study by Morris et al. [4] . The impact of total length of radiation treatment time is critical in respect to ultimate outcome, and the development of chemoradiation regimens should be done through clinical trials which will allow for the close monitoring of the impact of these regimens on total radiation treatment times.
Para-aortic radiation is given at 1.5 Gy over 30 treatment days to a total dose of 45 Gy. This contributes somewhat to the increased treatment time. The treatment delays during chemotherapy were mainly for hydration secondary to diarrhea, nausea, and vomiting in three participants, which is presumed to be a combination of cisplatin toxicity and secondary to increased small bowel in the para-aortic field. One had delays secondary to ureteral obstruction and stent change, but she successfully completed trial in 67 days. Two patients had compliance or scheduling problems, without documented toxicity, and there were delays over the holidays. The chemotherapy and initial teletherapy was generally completed on time, however, multiple delays were secondary to brachytherapy and parametrial boost scheduling. One patient had phone messages stating she was delaying radiation due to nausea, but refused IV fluids or additional antiemetics. It should be noted that this patient population was usually uninsured and had difficulty filling prescriptions for home antiemetics such as ondansetron. Aprepitant, a new antiemetic recommended with cisplatin, was not yet available during this study period. High dose rate brachytherapy has reduced total treatment times, but may contribute to long term toxicity. Attention to scheduling of brachytherpy and parametrial boost, after completion of the concurrent chemo-radiation could potentially improve treatment times when low dose rate is utilized.
Gastrointestinal toxicity was manageable with close attention to hydration status and the use of prophylactic antiemetic, antidiarrheal therapies, and hydration when necessary. There was one documented case of Clostridia difficile enterocolitis. Hematologic toxicity was expected and did not lead to excessive delays in therapy. The rate of Grade 3 or 4 GI toxicity (10.4% of all cycles on level II) was higher than that seen in the study by DiSilvestro et al. (4.4%) which used the same chemotherapy regimen concurrent with a more limited pelvic radiation field [16] . This is not surprising given the known increased bone marrow and small bowel covered by the extended radiation field. Grade 3 or 4 neutropenia (9.8%), however, occurred at a similar rate as DiSilvestro et al. (11.5%) [16] . Thrombocytopenia was rare, and only occurred in 2 treatment cycles.
The late toxicity for this regimen is considerable. The two cases where the patients presented with tumor growing into the bladder lumen resulting in vesico-vaginal fistulas as would be expected and should not be attributed to this regimen. Increased toxicity can be expected with extended field radiation. Central radiation dose reduction is being considered, since no patient failed in the pelvis. The HDR brachytherapy may be excessive, and cause harm to the sigmoid colon and terminal ileum directly behind the cervix when combined with cisplatin and paclitaxel chemotherapy. The GOG is planning to study radiation dose adjustments to decrease late toxicity, and patient reported outcomes to enhance collection of late toxicity information. Based on the encouraging outcome data in this study as well as the previously cited GOG study, a patient population once thought to have a very poor prognosis may well be salvaged with this aggressive strategy. Due to its tolerability and efficacy, paclitaxel and cisplatin administered weekly concurrent with extended field radiation therapy for patients with cervical cancer metastatic to the para-aortic nodes warrants further development in an effort to determine if the combination will help improve both local and distant control and ultimately yield a survival benefit. More research is needed on tailoring the radiation dose to the tumor volume and reduction of late toxicity may be feasible with central dose reduction.
Survival of patients with positive para-aortic lymph nodes may change in the new era of PET (positron emission tomography) imaging. PET scanning was not utilized in the current study, and no follow-up scanning was required in this study. A chest radiograph and CT scan of the abdomen and pelvis was only recommended. Patients with recurrent disease presented with symptoms or clinically detected recurrent disease. PET scanning may improve survival in the population of women with positive para-aortic lymph nodes in future studies by excluding those with more sensitive detection of disease outside of the radiation field. PET may also detect smaller para-aortic disease than that seen on CT alone. This will make comparison of survival difficult on future studies. This study enrolled many patients detected to have positive paraaortic nodes during planned extra-peritoneal resection similarly to previous GOG studies.
Conclusion
This chemo-radiation regimen should be considered in future phase III clinical trials of treatment for cervical carcinoma. Chronic toxicity is an unfortunate consequence of advanced local disease and para-aortic radiation. Isolated central failure is now rare, thus allowing consideration toward reduction of the central radiation dose. This may be feasible in this era of chemoradiation to obtain both excellent distant control, central control, and fewer late toxicities. The acceptable level of major bowel and bladder morbidity in hopes of providing salvage of this advanced stage of disease is unknown, but deserves further patient reported outcomes research.
